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Important Precautions

This manual is for knowledgeable, qualified personnel able to work safely with
electricity, electronics, and eleaterhanical systentsdoes not try to provide complete
safety information for all circumstances or for all installations and sites.

Installation, operation, and maintenance of this device may involve risks to
A users and property, including the device and any interrelated systems. All

procedures are to be carried out by qualified personnel applying common
industry standards, best practices, and due diligence.

Radeus Labs, Inc. shall not be responsible for injury or damage resulting from or
associated with improper use of its hardware or software or from its use by improperly
trained or inexperienced individuals.

All applicable building codes,fiedated regulations, and other required or advisable
safety protocols must be observed at all times.

WARNING

VAN

ALWAYS DISCONNECT POWER BEFORE SERVICING

There are electrical shock hazards when installing or
servicing electrical equipment.

There are mechanical
hazards when working around moving parts.

Review and use all proper safety procedures.

In the event of emergency,
be sure all power is disconnected.

About This Document

Documentation for the Series 9000 antenna control system from Radeus Labs, Inc.
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Service and Support

To inquire about support and service options that are beyond the scope of this
document:

Radeus Labs, Inc.
+1 8583911210

sales@RadeusLabs.com
www.RadeusLabs.com
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SECTION

1 Installation

WARNING

Do not attempt to operate this equipment if there is
evidence of shipping damage or you suspect the unit is
damaged.

A Damaged equipment may present additional hazardsytou, to other
persons, and to property.

Contact support for advice before attempting to plug in and operat
damaged equipment.

1.1 / 2y y SO0 GKS !/t

1. Verify that theunitis connected to power.

Figurel-1 Antenna Control Pannel (ACP) (front)

Series 9002 O&M Manual 9
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2. Turn on the A® via the power switch on thtegp panel.
The touchscreen will illuminate when it is ready.

Figurel-2 Back of the ACP and the power button.
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2 Operation SystemOverview

2.1.1 System Block Diagram

Tracking Receiver Unit
(TRU)

Ci
PMCU

OPTIONAL AUXILIARY
DRIVE ENCLOSURE

-7_ Motors
Motor

OPTIC!H
DRI EL
\ Stow System Interlock

Switches

PRIMARY DRIVE UNIT ENCLOSURE
| - \

Customer Network Switch

M&C, other customer equipment, Antenna System Interlock Motars, Brakes and
Intormat Switches

(limits, e-stops, etc.)

Figure2-1 System block diagram

2.1.2  Antenna Control Panel (ACP)

The ACP is the primary control interface for the 9000 systemn. It is
graphical user interface with a touchscreen and optional keyboard and
mouse. The ACP is provided in a rack mounted configuration for easy
il ntegration into the customer 0s

Up to 4 ACPds may be connected t
moni tor points at convenient | oc
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2.1.3  System Control Unit (SCU)

The SCU is the primary control unit in the system running most of the
tracking logic as well as monitor and control of the various control
subsystems.

The SCU has four interfaces that allow an operator to control and
monitor the system:

ACP 3 the primary control interface.

M&C 9 the interface used for customer monitor and control
applications. SNMP and REST API are supported.

PMCUJ the handheld portabheaintenance control unit.

Web Interface With software versions afterRK152 the
system can support the use of a web interface that will allow
users to access an ACP like interface from any computer on
the same network.

2.1.4  Antenna Control Unit (ACU)

ACU is a legacy term, there is no single device in they36£a
known as the antenna control unit, however, ACU is sometimes still
used to refer to the system as a whole or parts of it.

2.1.5 DriveUnit

The 9000 Series Drive Unit is designed based on modular panels that
can be mounted in a standard control cabinet style or a rack mount
style. A standard Drive Unit contains 3 or more standard panels:

SCU (System Control Unit) Padebntains interfaces for
the system wiring, the main system circuit breaker,
contactors for-phase power cutoff, Ethernet switches, DC
power supplies and circuit boards.

PLC Programmableogic Controller) Pan@iContains
interfaces for the system wiring, the Pol Motor and Warning
Horn/Light circuit breakers, DC power supply, relays for safety

12 Series 9000 O&M Manuall
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logic, and a PLC with 10 modules for controlling the motors
and 10 functions.

Drive Panel ® Contains an Azimuth and Elevation servo
motor drive unit along with associated circuitry.

Drive Panel 2+ Contain optional additional servo drive
circuits for Azimuth and/or Elevation.

| ‘

Figure2-2 Drive Unit 1 with panels open.
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Figure2-3 Drive Unit 1 panels closed
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Figure2-4 Drive Unit 2
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2.1.5.1 Emergency Stop

To stop all antenna motion as quickly as possible, push the
red estop switch.

To release thestop, twist the knob clockwise.
During an emergency, disconnect all power sources.

Thee-stop switch works by asserting the SS1$8x54)
feature of the motor drive units. SS1 executes a controlled
stop of motion on the drives, enables the brakes and
transitions to the STO (SdterqueOff) feature of the

motor drive units.

Activating thetep does not remove electrical power from the drive
cabinet.

16 Series 9000 O&M Manuall
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2.1.5.2 SCU Panel

Figure2-5 SCU Panel (top)

(1) Customer Interface BlogK erminals and power circuits for
connection to the antenna system.

(2) Main Circuit Break&iDisconnect for all power entering the
cabinet.

(3) 3Phase Az/El Motor Contactor and SwigcRower entry point

for 400VAC motor power. The contactor is turned off individually by
the associated switch/circuit breaker and also by the main circuit
breaker along with all other power in the cabinet.

(4) 3Phase Brakes and Pol Motor Contactor and S#otver

entry point for 200VAC brakes/warning power. The contactor is
turned off individually by the associated switch/circuit breaker and
also by the main circuit breaker along with all other potler in
cabinet.

(5) Motor Power Terminals and Terminals for connection of antenna
system wiring.

Series 9000 O&M Manual 17
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Figure2-6 SCWaneBottom

(1) EMI Filter for 120VAC input.

(2) 24VvDC Power Supply and Distribudgrower for all electronic
circuits.

(3) 24VDC Buffered Power Supply and Distribudipawer for 24V
switches on antenna system (limit switches, handcrank interlocks, etc.)

(4) Ethernet Switch and PoE Swidaetwork for internal
communications and PMCU.

(5) Resolver Board

(6) UPS for SCU Computer

(7) 10C (Input Output Controller)
(8) SCU Computer

18 Series 9000 O&M Manuall
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2.1.5.3 PLC Panel

'm}’igi"‘z _—
. { ’ﬂ.\ .

Figure2-7 PLC Panel

(1) Customer Interface BlogKRerminals and power circuits for
connection to the antenna system.

(2) Motor Power Terminals

(3) Circuit Breakers for Pol Motor Power and Warning Horn/Light
Power

(4) Terminals for connection of antenna system wiring.

(5) Thermostat for control of cabinet fans.

Series 9000 O&M Manual 19
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(6) PLC and PLC 10 Modules for control of motor and system
functions.

(7) 24VDC Aukxiliary Buffered Power Supply and Distrib&jpaver
for 24V switches on antenna system (limit switches, handcrank
interlocks, etc.)

(8) Relay Logic for safety functionsS{gps, handcrank Interlocks,
Final Travel Limits)

20 Series 9000 O&M Manuall
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2.1.5.4 Drive Panel

Figure2-8 Drive Panel

(1) Az/El Motor Brake Circuit Breaker
(2) Az/El Motor Power Circuit Breakers
(3)Az/El Motor Brake Relays

(4) Az/El Mains Input Chokes

(5) Az/El Braking Resistors

(6) Az/El Servo Drive Units

(7) Az/El Motor Power Chokes

Series 9000 O&M Manual 21
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2.1.6 Motors and Motor Encoders

The Series 9000 system utilizes 1 or more motor(s) on the Az and El
axes. Multiple motor types are supported:

Synchronous AC Servo modofhe preferred type of motor
for 9000 systems due to its small size, precision control
capabilities and efficient operation.

Asynchronous AC motor with enco@édften found on

existing installations. These motors work in the application but
are much larger and less efficient compared to Synchronous AC
Servo motors.

Brushless DC Servo motbSimilar but older technology to
Synchronous AC Servo motors. These are supported but may
suffer efficiency loss.

TheSeries 9000 system works with motors using various encoders:

Incremental B encoder§ often found on existing
Asynchronous AC motors

Resolved The preferred type for Synchronous AC Servo
motors.

Tachometer feedback is not supported.

The Series 9000 system is compatible with axes with single motor(s)
per axis up to essentially unlimited number.

2.1.7 Position Encoders

The Series 9000 system utilizesit2dptical encoders for both
Azimuth and Elevation axes.

The Azimuth axis offers an optional multiturn version of the encoder
in cases where there is greater than 360 degrees of travel for tracking
LEO or other high dynamics targets.

22 Series 9000 O&M Manuall
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22 ¢CKS2NEB 2F hLISNJI (OA:

2.2.1  System Control

2.2.1.1 Sources of Control
The following sources of control can be used with the 9000 System:

ACP (Antenna Control PandlYhe ACP is the standard

interface for an operator to use with the 9000 system. The ACP
runs the user interface software on an industrial computer and
displays controls and status information on a touchscreen rack
mounted disjaly. Up to four ACPs can be connected to the

system to provide multiple monitor or control points for the
system. The ACP is not a mission critical device, meaning that if
it is disconnected or turned off the system will continue to
operate inthe modeiems i n. Thi s all ows f
operation of the 9000 system with no ACP.

M&C (Monitor and Contro) The M&C interface is used by
software to monitor and control the 9000 system over Ethernet.
Two standard interface types are provided: SNMP v1/v2 and
REST API.

PMCU (Portable Maintenance Control Uhithe PMCU is
most often used during maintenance operations when control is
needed on the antenna platform, by the motors, etc.

Web interface The web interface is essentially the same as the
ACP but accessible from any computer on the same network.
This will allow more convenient control of the unit or even
remote operation for units placed iroginned locations.

2.2.1.2 Lockout of Control

The 9000 system uses a-lgwel hierarchy of control lockout. When
the PMCU is in use the ACP and M&C interfaces cannot make
changes to the operational mode.

Series 9000" O&M Manual 23
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When the PMCU is not in use the ACP and M&C operate with equal
priority on a oO0last winsd scheme
always overrides any previous command whether received from an
ACP or the M&C interface.

2.2.1.3 Level of Control

The ACP supports three levels of control to allow systems to operate
without the possibility of inadvertent change of sensitive parameters:

Monitor 8 cannot make any changes but can monitor status
and view settings.

Operatord can make changes to targets, tracking operations
and diagnostics. The passdodenterOperator mode is
01218 .

Admind can make changes to all system paranidters.
passcode to en39%Hr. Admin mode |

24 Series 9000 O&M Manuall
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2.2.2 Motor Control

The 9000 system utilizes a feedback control system for precise
position and velocity control of the antennas Az and El motors. In a
feedback control system, the motors are equipped with encoders
directly on their shaft allowing the shaft position andtydiobe
accurately measured and controlled by a smart control system. This
motor shaft control is in addition to the position feedback

Position Velacity
Command o Command ; Servo Drive
T ()| P ] P o

é‘ F_H Cantrol

Walacity
T Feeadback

Gears

Position
Feedback s
Encoder

Figure2-9 Single motor control diagram

The simplified diagram works well for systems that require limited
accuracy but due to errors introduced by the gears (primarily backlash
and wind up) the system cannot translate the precise motor velocity
control into precise axis control. In order teesthis problem for
antennas requiring high accuracy the antenna is often fitted with a set
(or more) of two motors in a torque biased configuration. Torque
biasing on the final drive gear allows the system to eliminate most of
the inaccuracies introdudsdthe gears.
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Figure2-10  Single motor drive system

In a drive system with backlash the drive gear has a gap on one side of
the teeth when meshed with the axis gear. This causes the axis gear to
not be driven when the drive gear is changing directions. It also allows
the antenna gear to coast or be movexigynal disturbances in the
direction toward the backlash in a way that the drive gear cannot
control. The result is that the accuracy of the motor controller in
positioning the drive gear cannot translate fully to accuracy on the axis.

To accommodate this backlash, a single motor system uses a position
deadband that is larger than the gear backlash so that the control loop
gain is reduced when within the deadband of the target position. This
prevents the phenomenon of lheytcling whiclis when a control

system oscillates back and forth across-ansamity in the system, in

this case the gear backlash.

CW Torque

Drive Gear

Figure2-10  Dual motor drive system
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In a dual motor drive system, a second drive gear is added. The
control system applies a torque to the second gear that is biased
against the torque applied by the first gear. This means that there is
direct contact from the antenna gear to one drivegeer other in

both directions of rotation. This biasing effectively eliminates the
backlash of the gear system allowing for highly accurate control of the
axis gear by the motor control.

The position deadband in a dual motor system is set significantly lower
than in a single motor system and is used more to establish the
reasonable limit of control accuracy than to prevent limit cycling. In a
typical system the position feedback resolsti®®01 degrees, and it

IS not necessary to control the position much more accurately than
this. However, the deadband can still be set to lower numbers if
required by the application.

In order to control the twmotor system, the control system must
become more complex as compared with a single motor system.

Figure2-11  Dual motor drive diagram

The design for controlling two motors still includes a single position
command and velocity command but now it requires a torque bias and
speed difference controller as well as using the average motor velocity
as the velocity feedback. The torque biaspaed! difference

controller ensures that a bias is maintained to eliminate backlash and
that the two motors drive in a stable manner, not fighting each other

or resonating energy between them through the gear coupling.
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2.2.2.1 System Tuning

CAUTION: Tuning the control system must be performed by qualified pe
with the required education and experience to understand the tuning me
risks associated. A poorly tuned system can lead to excessive uncontrol
that can damagsystem and lead to dangerous situations.

This complex control system must be tuned to the antenna so that it
provides optimal performance and remains stable. There are essentially
three elements that must be tuned to achieve optimal performance:

Torgue bias and speed difference gains
Velocity control loop gains
Position control loop gains

The torgque bias is set to a percentage of the maximum motor torque.
It should be set high enough to ensure continual engagement of both
drive gears against the axis gear. However, setting the torque bias too
high will limit the maximum torque availabldéosystem.

The speed difference gain applies a fractional (greater than zero and
less than one) multiplier to the difference between the measured
velocity of the two motors. The result is summed with the torque
command. This is used to dampen any oscillations thatoua

between the two drive motors due to mechanical spring built into the
drive gear chain.

Tuning of the velocity and position control loops is toward the
objective of achieving close to critically damped response to a step
function command. This is the fastest response to the command with
minimal or no overshoot and fast settling time:

28 Series 9000 O&M Manuall



OPERATION

Control System Tuning Objective

1.2

08

= Command
Underdamped Resopnse
Critically Damped Resopnse

s Overdamped Resopnse

-0.2

Figure2-11  Control system tuning objective

When the velocity and position loops are tuned to critical damping
then the output velocity and position of the antenna match as closely
as possible to the commanded position and velocity.

Tuning parameters available are:

TorqueBias in % of max torque

Km 0 Velocity difference gain

Kpv 0 Proportional gain applied in the velocity loop

Tiv d Integral time constant applied in the velocity loop
Ktv d Total gain applied in the velocity loop

Kpp 0 Proportional gain applied in the position loop
Tip d Integral time constant applied in the position loop

Ktp 0 Total gain applied in the position loop

Series 9000" O&M Manual 29



OPERATION

Note: for advanced systems the Kpv and Tiv parameters may be made |
function vs. velocity instead of using a simple constant. This can be use
drive system is significatitigararcross its operational range but should on
be useth@&n necessary as it complicates the tuning and testing of the sys

2.2.2.2 Antenna Performance Limits

Each antenna has velocity, acceleration and jerk performance limits
that must be configured into the controller. Once the control loops

have been tuned approximately to critical damping the actual response
of the antenna becomes governed by the perfortmrarseset. For

example, when commanded to move from position A to B the
controller will first accelerate
then when the maximum velocity has been reached the antenna moves
at that constant velocity until when apphing the final position, it
decelerates to a stop using the deceleration limit (same as acceleration)
Ideally the antenna comes to rest perfectly at the set position with no
overshoot or undershoot. However,-realld dynamics, such as

wind, may caus®me minor overshoot or undershoot before the

system achieves the final commanded position.

2.2.2.3 Degraded Mode

The dual motor control loop can operate in degraded mode when one
or more of the motor systems is #onctional. This is done by
simplifying the control down to the single motor control diagram,
increasing the position deadband to prevenicyciing ad reducing

the gain of the control loops.

30 Series 9000 O&M Manuall



OPERATION

2.2.3 Ephemeris Pointing

Ephemeris means a set of positions associated with time used to
describe the motion of a celestial object.

The 9000 Series supports three different modes of ephemeris pointing:

TLE (Two Line Elements)
IESS (Intelsat Earth Station System)

Predictived Internally generated

2.2.3.1 TLE and IESS

TLE and IESS ephemeris modes are discussed tdmpetiuese,

though they are different formats for describing the orbit they operate
in identical ways within the 9000 Series control system. These
ephemeris types model the orbit of the target using sets of parameters
to describe the motion. The models alid frmm a particular time

forward until a limit when the predictions of the model significantly
diverge from the actual motion. When the model is too old to be
considered reliable the 9000 presents a warning to the operator but
will continue to follow thpredictions.

Steptrack tracking cycles can be added to TLE and IESS modes to
periodically or upon signal degradation track out the error that has
accumulated in the ephemeris model.

When using TLE or IESS modes to follow a target the 9000 system
continually updates the position based on calculating the current time
from the ephemeris model. There is no stopping and waiting period
before making new adjustments, though for verynstaimg targets

the antenna may appear to be stationary.

2.2.3.2 Predictive

The predictive ephemeris mode is a model based on the results of
previous steptrack convergence data. In this mode, initially the system
is only collecting data by performing tracking cycles. Each time a
tracking cycle converges on the target a new pasitits entered

into the
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predictive ephemeris model. Once enough data is collected to consider
the model to be valid (24 hours) the 9000 begins to calculate results of
the ephemeris model and continually update the position of the
antenna in the same manner as when in TLE omhie8&s.

2.2.4  Steptrack

Steptrack is a basic but effective way of automatically calculating the
target look angles based on sequential RF signal strength
measurements.

The 9000 system uses a-psont calculation method to calculate the
target location and several parameters to set bounds on the motion.

Because the RF signal strength measurement is inherently noisy the
accuracy of the steptrack mode depends heavily on atmospheric and
other signal related conditions.

2.2.4.1 Beam Pointing

D Target Satellite

-0.35° Pointing Error

b 3 o & % LN H|% b oD
FFTF T F F o 222 79
0dB - E . - — 0dB
0dB § -1.0dB
; /o PN -1.7dB8
B = T O L S N A AT -7, |- Pointing
; ; ; ; ; H : Error
-2.0dB B SO U SO SO SUUU T ST TUOt SEUEUTUUS FORTRUTOUt SUURPRUOT P . - -2.0dB S\gﬂal
: \ Loss
-25dB i ; -2.5dB
-3.0dB : : . - -3.0dB
: 3dB Beamwidth = 0.9° :
-35dB & : i ; | -3.5dB
Antenné H
Beam Pattern : ; ;
h & ®» & - © + & & % b ©
c o o o o o o o o o ©o o
¥ ¥ F F ¥ ¥ T T T

Figure2-12  Beam pointing chart
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To understand how steptrack works it is first necessary to understand
the basic concepts of antenna beam pointing.

Parabolic satellite antennas have a characteristic beam pattern that is
approximately parabolic close to the center of the beam where
steptrack works. The Obeamd6 in a
energy transmitted by the satellite but is adthualiain in dB of the

antenna vs. the offset in degrees from the beam center. The energy
transmitted by the satellite is assumed to be constant but the received
signal level increases or decreases due to the varying gain of the
antenna as oriented in theedtion of the satellite.

Note: the energy transmitted by the satellite is not actually constant, it c:
based on satellite operations such as modulation or automatic gain cont
Additionally, the satellite energy transmission is affected by loss experie
travel tbugh the atmosphere due to several different functions. All these
negatively impact steptrack performance.

Antennas are also said to have a characteristic beamwidth. This is the
distance in degrees from tBdB points on both sides of the beam. In
the example given it is approximately 0.9° (0.45° x 2). The beamwidth
of the antenna is used in the steptracklatitms to characterize the
beam pattern.

It is generally helpful (as illustrated in the example) to normalize the
maximum gain center of the beam to read 0dB when pointed directly
at a target, then any pointing offset is represented by a loss in dB
(negative dB).

In the example given, tH&35° pointing error results in
approximately 0.7dB of signal loss (a signal strength reading of
0.7dB).
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2.2.4.2 Steptrack Tracking Parameters

Q Target Satellite

Step Size = 10% = 0.09°
P S -0.35° Pointing Error

-0.5dB

1508
-2.0dB -

Figure2-13  Steptrack parameters chart

During a steptrack cycle the controller makes two motions called
measurement steps. These are made, one in each direction, the
distance set by the user in the target settingssteyiesiz€0% is a

typical value. In the example presented, 10% of the beamwidth is
0.09°. The figure illustrates how the measured signal strength from the
satellite changes at the step locations, one-®d&dB and the other
being-2.9dB. Using these two valaed the stepsize the controller
calculates the position of tlaeget satellite and makes a motion in that
direction. The motion is limited by the user settable parameter called
max stef his limitation is made due to the noise and other factors that
add error to the measured signal levels and can cause the calculation tc
be incorrect. In the example given, even though the target position is
off by 0.35° the controller will only move70.i the direction of the

target due to the max step parameter set to 30% (0.27° = 0.9° x 30%).
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2.2.4.3 Steptrack Tracking Convergence

m Target Satellite

-0.35° Pointing Error

o
N
o

+0.6
+0.5
- +0.4°
+0.3
+0.2
+0.1
-0.1°
- -0.3°

0dB
-0.5dB
1508
2548 N

0.2
0.3
0.5 |
0.6

+0.6
+0.5
+0.4°
+0.3
+0.2
+0.1

Figure2-14  Steptrackrackingconvergencehart

After the calculated correction step has been made the controller
evaluates whether the pointing is within the tracking deadband (not to
be confused with the control | oo
deadband is set up by the user in the target settinggeanurtes

whether the tracking cycle has converged or not. If the calculated peak
is within the deadband from the corrected angle, then the tracking is
said to have converged, and the tracking cycle is finished.

If the calculated peak is still outside of the deadband then another
steptrack cycle will be initiated to attempt to get closer to the peak
unless the maximum number of steptrack cycles has already been
attempted in which case the controller will abottdabking cycle and
park the antenna back at the original location. This abort can occur
due to improperly set tracking parameters such as:
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Deadband is too smalbue to noise in the RF signal and other
factors it is impossible for the steptrack calculations to consistently
be perfect. Therefore, the tracking deadband is needed to
determine when the results have gatiese enoaigth stop the

process.

Max step is too smélimax step is used to limit potentially

incorrect steps that may be taken due to noise. However, if it is set
too low then it will take too many steptrack cycles to reach the
deadband and the tracking will abort.

Max cycles is too smalnax cycles are used to limit the number

of steptrack attempts at getting to the peak because in very noisy
situations it will not help and may be detrimental to continue
attempting to track. However, in conjunction with the deddba

and max step parameters, if not enough attempts are allowed then
the tracking will abort.

Step size is too smakstep size is the primary limitation that the

user has control over to impact the accuracy of the steptrack
calculations. Larger step sizes will result in more accurate
calculations and thus faster convergence to the deadband.
Convesely, smaller step sizes will result in less accurate calculations
whi c h, I f excessively so, can

Ohuntdé for the deadband but neyv
and resulting inaccuracy.

2.2.4.4 Steptrack Tracking Interval

Since the steptrack measurement steps actuallyigaalsess
(remember the2.9dB measurement from the example!) it is generally
necessary to limit the frequency of the tracking cycles. The following
parameters control the tracking interval:

Cycle timeé The time elapsed from the previous convergence or
abort until the start of the next tracking cycle.
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Step below signdlA dynamic threshold for initiating a tracking
cycle due to signal loss prior to the expiration of the cycle time.

Follow model time (if in predictive moédjhe effective cycle
time when following a predictive model.

2.2.5 Monopulse

2.2.5.1 Monopulse Radar Background

The terminologynonopulse traakseg for satellite communications
comes from a target tracking method developed for pointing radar
antennas. The temmonopulsders to a method of transmitting a

single pulse of RF energy and then waiting for the echo return of that
pulse at the receivers. The receiving system would consist of 4 horns
which would combine the received signal in such a way that from the
single reurn pulse the tracking system could determine both direction
and distance to the target.

2.2.5.2 Monopulse for SatCom

For monopulse in satellite communications there is no transmitted
pulse, only a received signal transmitted from the satellite, but the
namemonopulsestill used to represent the tracking methodology. The
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4 or 5 horn configuration is valid for satellite communications.
Elevation
Axis
A

XElevation Elevation
Sum e Sum
- . XElevation
Axis
XElevation Elevation

Error Error

Elevation error = (1+2)-(3+4)
@@@ XElevation error = (1+3)-(2+4)
Magic T
agic Tees Total Sum = (1+2+3+4)/4

A\

Figure2-15  Monopulse 4Horn Feed

A second common approach used for monopulse tracking in satellite
communications is to add a TE21 coupler to the communications
(COMM) feed network. There are other types of couplers that can be
utilized for monopulse but the TE21 with 8 coupling slotess

common as it provides good results for tracking both Circular and
Linear polarized downlink signals. Tracking is performed similarly to
the 4 horn while minimizing the loss of signal on the comm channel.
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90 ||° LCP Error

HyBrid| — RCP Error

O

Magic Tees

Figure2-16  Monopulse TE21 Coupler

The TE21 hardware is a circular device. It can be utilized for receiving
both Linear and Circular polarized signals from a satellite. When used
for tracking a linear polarized signal (Horizontal or Vertical) both
signal s wil| be @cpraerstsifbrl @m otnh e i
Hybrid. However, when tracking Circular polarization then one port

will be Left Hand CP and the other will be Right Hand CP. Itis

always important to verify that the error ports are properly identified.

When the feed system consisted of 4 horns for reception the horns
were mounted to calling with the Elevation atedeMation axis. The
nice result of this is the two error signals come out exactly on the EL
axis and the XEL axis.

With the TE21 coupler that alignment is lost. It is possible to
configure (rotate) the coupler into a position where the output errors
are aligned with EL and XEL moment, but it is not always practical.
For one the error coupler is often large and h€bhgyother issue is

the alignment will change with a frequency change. So, most of the
time the error coupler is fixed and only the feed horn moves if the
signals are linear and Horizontal/ Vertical polarization adjustment is
needed to optimize signal Isv&his means that a means to calibrate
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the tracking signal errors to the axis motion is needed in the control
system.

2.2.5.3 Monopulse Tracking Signals

The goal of the TE21 coupler net
pattern. That is a pattern that is nutbegictly below the peak of the
sum (reference) channel pattern.

__D dB
__-3 dB
Sum channel
pattern
_—1 0dB

Error channel
pattern

0® +

3B

/2

Mull of Infinite
depth

Figure2-17  Monopulse tracking error channel null

I n operation as the horn apertur
(sum) channel pattern becomes na
pattern peaks come closer together. As such the slope of the pattern
toward the axis will become steeper. The sensitiigy erfror

pattern will increase as the slope into the null increases. The

| ogari t-émmakeddwoul d t h-axsnudafi cal |
infinite depth with respect to the 0 dB reference pattern maximum. In
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practice the oaxis value for the null will reach a measured depth of
only 40 or 50 db below the reference pattern peak.

The error pattern is interpreted by the monopulse tracking receiver as
a voltage pattern for use as a tracking reference. As the target moves
off axis the receiver generates the relative error voltage used by the
drive system t o roent uranr gtehted apnotsein
error pattern passes through zero volts at the null and changes sign.
Thus, a monopulse tracking system is not actually tracking to the peak
of the reference (or Sum) signal, it is tracking to the null of the error
signal as reprasted by the zenoltage point. The depth and

location of the null of the error signal will vary depending on the
accuracy of construction of the feed. Sometimes the null is shifted
slightly off the reference peak. The feed test data should indicate thi
shift and how much.

0.3Volts f/ ___\

/ \
x
; / A
A N o
S N

/ Wt \. 1V ref channel
: pattern

Slope = -==-- v/d
p videg

-0.3Volts

12 0° +0, /2

3dB

-0

3dB’

voltage signal
crosses 0 at
the peak

Figure2-18  Tracking the error channel to the/0ltage point

2.2.5.4 Two Channel vs. Single Channel

There are two approaches generally available in the market to create
tracking information from the sum and error outputs. The older
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approach is to use two receivers, one for each signal sum and error.
Depending on who you talk with t
al so known as o0Two Channel Mo nop
approach is to combine the sum and error signals, while atangpul

the error signal with a phase shifter and then only use one receiver to
recover the signal. Th-i s approa
Monopul se6 or o0Single Channel Mo
approaches there are tradeoffs between the two appro@hbke

selection of one over the other will be determined by customer
specifications and cost expectations. In general, the single channel
approach is lower cost, as in the past the two channel receivers have
been very costly. From a performance poiiewf the single channel

can have a slower update rate but often tracking accuracy to null is
comparable with the twahannel receiver tracking. Both approaches

can utilize the TE21 coupler.

2.2.5.5 Two Channel Monopulse

The twaechannel receiver is a term that indicates that at a minimum
there is a receiver for the reference signal and a separate receiver for
the error signal. There may be more receivers as there are often two
reference signals available. Itisalsdypbsei t o ot racko p
a linear system when the target is in inclined operation.

TE21 Coupler | | NA 2008
b h(’:nuxpler RH/H
> L T%  HY To Comm
/ & ! Equipment
RH LH
Sum Level
\ 2 channel ;TE:? g
tracking I e Frror | ACY
receiver ———

- [{5 [ng
AZ EL

Figure2-19  Two channel monopulse diagram
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The reason for the high cost of the two channel monopulse receiver is
that at least one receiver must be able to output a signal level at very
low input power levels. For example, if the input Sum |e2@IdBm
power input | evellsdétdheulddOordbe &h g
Normally a very narrow resolution bandwidth will be needed to
achieve these measurements along with a very low residual FM. With
the receiver operating with a narrow resolution bandwidth (<1kHz)

for a very low signal any daoftsignal frequency could cause the

signal to be lostand the error recovery would not be able to detect it.
So normally the lock of the receiver on the reference signal is used to
also drive the tuning of the error receiver.

For two channel tracking the tracking slope is defined by the output of
the TE21 coupler. Because of that the tracking slope is fixed. The
manufacture of the monopulse tracking receiver should define the
method of calibrating the receiver to the feedderation.

Generally, it will consist of:

pointing the antenna at a target which could be a bore site tower
or a satellite with minimal motion.

peak the reference signal to get near to error signal null.

then adjust pointing to minimize error sigtiak becomes the
reference peak location

Move dish off in one axis only a prescribed distdhisesets
signal level change to distance and also sign adjustment.

Return to ref peak location

Move dish off in the alternate axis a prescribed distsetcggnal
level change for distance for second axis along with sign
adjustment.
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2.2.5.6 Single Channel Monopulse
For single channel monopulse there is only one operational receiver

that wil |l be recovering signal p
beam.

TE21 Coupler | | NA 2048
\ ~ Coypler  RH/H

> - To Comm

& . LHV Equipment
RH LH ‘ ’-‘T

Synthetic
Beam Signal

6dB
Coupler tracking | Error
Phase BDC receiver ACU
LNA Shifter
I Control Lines AZ EL
IR1IRTIRI| R1|
L SRRRR
R1o ORZ [

EL error = (R1 + R2) - (R4 + R3)
XEL error = (R1 + R4) - (R2 + R3)

Figure2-20  Singlechannel monopulse diagram

The monopulst&racking feed is equipped with a TE21 mode coupler

to supply error pattern signals to a track channel. This coupler
produces an error output signal with amplitude proportional (to the
magnitude of the arrival angle of the signal) and relative to tthe line
sight of the antenna beam. The phase of the error signal relative to
the phase of the sum signal is proportional to the direction of this
arrival angle relative to the rotation position of the feed. For example,
with proper phasing, the error sigaal be made to be in phase with

the sum signal for an AZ error to the right and it will be 180 degrees
out of phase for an AZ error to the left. At the same phasing, the
difference might be 90 degrees for an "up" error and 270 degrees for a
"down" error.
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TE21 Coupler
\- L_% LY
) [ Sum (5)
/ L
RH LH Sum channel Error channel
characteristics; characteristics:
static in phase, change in phase,
Error (4) slow change in  fast change in
amplitude with  amplitude with
Insert changing changing angles
angles
waveform
diagram

Figure2-21 ~ Monopulse error signal chart

If the error signal is phase shifted and combined with the sum signal,
the peak of the composite signal is shifted relative to the antenna line
of sight in thalirection where the error signal and the sum signal are
in phase. The phase shifter affects this direction. With the phase
shifter commanded to zero phase shift, the rotation direction of the
peak is determined by the net phase shift between the sogl chan
path and the error channel path. This net phase shift is referred to as
the reference phase.

For monopulse tracking utilizing this arrangement, the tracking

receiver will command the phase shifter through repetitive cycles of 0,
90, 180, and 270 (and back to 0) degrees. This action generates a
(synchronously modulated) scan pattern; the pateesguare in the

plane normal to the antenna line of sight. The sum and difference
patterns and the relative gain between the sum and difference channels
determine the size of the square. So, by changing attenuation in the
sum path before combining witte error path the tracking slope can

be adjusted. The orientation of the pattern in rotation about the line of
sight is determined by the reference phase defined above.

It can be shown that the reference phase establishes the rotation of the
scan pattern about the line of sight, e.g., a given reference phase might
place the beam position with thde@ree output at 37.5 degrees CCW
from horizontal to the right. A l@@gee change in the reference

phase would then place the beam at 137.5 degrees CCW from
horizontal or at 62.5 degrees CW from horizontal. Accordingly, the
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correction for the reference phase is simply a coordinate rotation that
Is a function of the frorgnd configuration and the track signal
frequency.

A calibration procedure (which can be performed while the
communication system is-lome) is needed to determine the value of
the reference phase correction and the effective scan pattern size for
each configuration. The calibration results shouldrbd stdhe

ACU in a database that also logs RF path and tracking frequency.
Calibrations are unique to each frequency/RF path configuration.

Synchronous demodulation of the signal level variations produced by
the scanning of the synthetic beam is performed in the tracking
receiver. This demodulation process not only provides the required
two orthogonal error signals, it also performs a Vecyiet filtering

(signal variations with a frequency significantly different from the scan
frequency will have little effect). The demodulation process is
performed by software after application of the corrections described
above for both net gains betmghe sum and difference channels and
the loss variations from the phase shifter. After the demodulation, the
coordinate rotation for reference phase and the secant correction of
the AZ error signal is performed and the results are routed to the
ACU for AZ and EL antenna corrections.

2.2.5.7 Monopulse Target Acquisition

Tracking a monopulse target consists of acquisition, peak detection,
autophase adjustment, and tracking:

Acquisition of a monopulse target can be performed using
Move to Look Angles, Move to Longitude, TLE (SGP4, or
IESS.

Peak detection is performed using a cross scan to minimize
the monopulse error vectors.

Autophase adjustment is performed using theimuilt

feature of the monopulse tracking receiver, if equipped, or
by adjusting receiver parameters to minimize phase errors
that will degrade monopulse tracking performance.
Tracking is performed by following the error vectors
received from the tracking receiver to continually maintain a
peaked condition on the target.
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2.2.5.8 Monopulse Target Tracking

For all of the complexity that goes into receiving, transforming,
acquiring, phase adjusting and calibrating the monopulse tracking
signab once it is complete the actual tracking is surprisingly simple.
The tracking error signals represent the distarmadtfe current

angle on each axis to the peak location. Due to noise and other errors
in the system this is only an estimate and requires filtering.

The 9000 monopulse position estimation function consists of two
filters:

Error Vector Filter

Estimated Position Filter

: 1st 15t :
Error Vector —— Order o Order [—— Position Command
: LPF LPF :

L Actual Position

Figure2-22  Monopulse position estimator

Filtering the error vector reduces noise but will increase pointing
errors due to decorrelating the vector from the actual pointing angles
in time. Note that the error vector filter is applied before the error
vector is subtracted from the actual posibDow. to this, a relatively

high cutoff frequency is recommended, typicallf{4

The estimated position filter is applied after the error vector is
subtracted from the actual position so it is correlated to the position
signal and does not cause the same pointing errors as the vector filter,
however it will cause the estimated podibideg behind the actual

target so it should be set with the expected target velocity in mind.
Typically, 0-8.0 Hz is a good value.

These are both single order low pass filters of user selectable cutoff
frequency. The cutoff frequency represents the frequency where the
input signal is attenuated by 3dB. Frequencies above will be attenuated
further. In time, the cutoff frequency (Fayesponds to what is

Series 9000" O&M Manual 47



OPERATION

called a time constant (Tc): Fc
in practical terms, is the time the output takes to rise to 63% of the
input value in a step function. The output reaches 95% of the input

value after threeme constants.

First Order Low Pass Filter Step Response
Tc = 0.05 seconds Fc =3.19 Hz
100% |
95%
80% |
|
60%
| 63%
40% |
|
20% |‘
0% }
0 0.05 0.1 0.15 0.2 0.25 0.3

Figure2-23  First order low pass filter step response

When setting the value of the estimated position filter the operator
should consider how fast the target is moving and how much tracking
error is acceptable. Often it is easiest to determine the optimal values

by experimentation.
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23 hLISNY GAZ2Y

2.3.1 Overview

(1) INMARSAT 3-F2 ¥ RADEUS TEST ACP goaiZ 03
AZ 3450.123 MHz -51.0 dBm _0-9 d B

AZ

VAN 249.032° 21.609°
Ll 249.032° 21.609°
a 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
MANUAL CONTROLS STANDBY

Figure2-24  ACP screen

The 9000 ACP screen is divided into 4 zones:
(1) The menu bar

(2) The redlime display

(3) The status bar

(4) The operation and configuration zone

During periods of no interaction the system will go into a mode called
FarView that makes the Actual angles and the Signal chart larger and
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easier to see at a glance.

® @ ®

(2 _INMARSAT 3-F2 J(¥_RADEUSTESTACP = J|& 2s  gos=u?

3450.123 MHz -51.0 dBm

el  249.032° 21.609°
Sl 249.032° 21.609°

B 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
F MANUAL CONTROLS STANDBY

Figure2-25  Web Interface home screen

The menu bar of the display screen provides buttons to access to all
of the system settings for (1) target menu, (2) antenna menu, and (3)
ACP menu.

1 3 4
£ AMC-1 (GE-1) & West Coast goc=ry =

8 208.549° 55.893° 25,2° 25.0°
208.549° 55.893° 25.2° 25.0°

0.000° 0.009° 0.0° 0.0° 5
O MANUAL STANDB' @ Following target 13:56:54 7 OCTOBER 2021

Figure2-26 ~ Web Interfacereattime display
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While tracking, the ret@ine display will always show the current
antenna position, the commanded position, and the difference
between those 2 values. While the unit is in standby, tireeeal
display will always show the antenna position and the roaichan
position.

1) The actual axis angles, (2) the mechanical angles or target angles
depending on the operating mode, (3) the RF frequency, input
selection and signal level, (4) the relative signal level and (5) a signal
level history chart.

% INMARSAT 3-F2 ¥ RADEUS TEST ACP ; gocse? €3

El

21.609°
...... 249.032° 21.609°
0.000° 0.000°

FOLLOWING TARGET

Figure2-27  Web Interface status bar

The status bar provides (1) a summary fault indicator, (2) a button for
entering manual control mode, (3) a button for executing the standby
command and (4) informational status messages.
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INMARSAT 3-F2 ¥ RADEUS TEST ACP & as P ¢ )

El 3450.123 MHz -51.0 dBm

AZ

ACTUAL I UK Y Ad 21.609°
o] 249.032° 21.609°

B 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
MANUAL CONTROLS STANDBY

Figure2-28  Web Interface operation and configuration zone

The (1) operation and configuration zone shows various screens
depending on what the operator is doing: Target setup, operation and
diagnostics; Antenna setup and diagnostics; Utilities; Manual controls.
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2.3.2  Antenna Settings

Q

INMARSAT 3-F2 l‘r" RADEUS TEST ACP l & &0 gos=u? 3

AZ - 3450.123 MHz -51.0 dBm 0 9 dB

eIy 249.032° 21.609°
TARGET 249.032° 21.609°
B 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
MANUAL CONTROLS STANDBY

Figure2-29  Web Interface antenna settings
Figure2-31

Press the (1) antenna button on the menu bar to set up the antenna
settings.
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2.3.2.1

Site tab

INMARSAT 3-F2

el 242 .959° 15.682°
e 242.959° 15.682°
0.000° 0.000°

% RADEUS TEST ACP

3450.123 MHz -50.2 dBm _0 1 dB

FOLLOWING TARGET
ANTENNA

16:43:19 17 JUNE 2022

[ ANTENNA NAME

FAULT O MANUAL CONTROLS . STANDBY I
Radeus Test ACP ] 1

ANTENNA COORDINATES

WARNINGS

uuuuu
34 401707
-119.073661

107

Figure2-30

& sTow

Antenna > Site
Setup forequiredsettings specific to the antenna.

(1) Name the antenna to distinguish it from other nearby systems. This
name will appear on the touchscreen display.

(2) On the Antenna Site tab:

Entertheant ennads
(degrees east), using up to six decimal places.

Ent er

t he

atitude (degr ec

antennads altitude

Enter the dish size (in meters, to the tenths).

Note Enter the axes under control:

In this document,

screenshots may o AZ EL
illustrate a system
with one, two, or no o AZ, EL, POL1

polarization axes.

o AZ EL, POL1, POL2

If a POL axis is selected, then enter the CP/LP Selection:
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o None
o POL1
o POL1, POL2

If a CP/LP control is used then enter the switching timeout.
Theswitching timeout defines how long the SCU allows for
the CP/LP controller to switch between settings before
generating a fault.

2.3.2.1 Options tab

% INMARSAT 3-F2 % RADEUS TEST ACP 2:31—;:?
AZ EL 3450.123 MHz -50.2 dBm
oV  242.995° 15.729°
242.995° 15.729°
a 0.000° 0.000°
FOLLOWING TARGET 16:58:01 17 JUNE 2022
ANTENNA { MANUAL CONTROLS _JIL STANDBY ) |
E-ST(
E-STOP 12
o
E-STOP 14
E-STOP 15 & 16 are not changeable
§
o xomem

Figure2-31  Web Interface Alerts tab

(1) On the Antenn@®ptions tab:

Audible fault alerts

Choose whether the ACP will emit audible alert tones, in
addition to the visual alerts on its display, when a fault is
detected.

Sun outage protection
Prevents steptrack operation if the beam width is pointing
within 0.25° of the sun.
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Orbital tracking limit

Constrains antenna control maneuvers to match the
analemma trajectory of the target satellit€ifsee-34).

When tracking a target whose trajectory brings it close to
other satellites, orbital tracking limits can help avoid tracking
nearby satellites unintentionally.

The orbital tracking limit is measured in factors of the
antenna 3dB receive beamwidth (nyBWr example:

0 An orbital tracking limit of factor 2 and receive
beamwidth of 0.27° woubdnstrain tracking
maneuvers to a maximum offset of 0.54° from the
target trajectory.

Orbital tracking limits is a systamile optiorand
applies to all tracking nibdes.limits are disabled
by default (factor 0); the maximum value is 9.

Orbital Limit
(n * Beamwidth)

Target Orbit
Analemma

Figure2-32  Orbital tracking limits constrain antenna maneuvers to the
analemma trajectorpf the GEO target satellite. This can help
avoid accidentally tracking any other nearby satellites.
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2.3.2.3 Receiver tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP Sod=us

AZ EL
eVl 243.019° 15.757°

TARGET 243.019° 15.757°
0.000° 0.000°

FOLLOWING TARGET 17:04:57 17 JUNE 2022

FAULT O MANUAL CONTROLS . STANDBY
RECEIVER TYPE CTR70 .

AGC OFFSET -229 DTC ATTENUATION A 1

& sTow R 3 CANCEL

Figure2-33  Setup > Receiver
For each axis, thencoder anglelus itsoffsetequals the actudbok
angle(Encoder Angle + Offset = Look Atfegetype of receiver being
used, if any.

(1)On the Antenna Receiver tab select the type of receiver that is
in use. Each receiver type has unique settings to configure
which are explained in appendices at the end of this document.

Series 9000 O&M Manual 57



OPERATION

2.3.2.4 Monopulse tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP zaszuZ X

3450.123 MHz -50.2 dBm

15.786°
15.786°
0.000° 0.000°

FOLLOWING TARGET 17:11:03 17 JUNE 2022
ANTENNA FAULT O . MANUAL CONTROLS ' STANDBY

Figure2-34  Setup > Receiver
Specify the type of receiver being used, if any.

(1) On the Antenna Monopulse tab there are functions for diagnostics.
The available functions depend on the type of monopulse receiver that
is selected and are explained in appendices at the end of this
document.
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Required

A position and
direction must be
entered for each
encoder or resolver.

Note:no position
values can be enterel
unless resolvers or
encoders are present

OPERATION

2.3.2.1 Encoders tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP P - ]

AZ 3450.123 MHz -50.4 dBm

eVl 243.102° 15.846°
gl 243.102° 15.846°

s 0.000° 0.000°

FOLLOWING TARGET 17:22:13 17 JUNE 2022

ArtITENNA FAULT O . MANUAL CONTROLS . I

- AZ EL

WIZARD POSITION  243.102 * POSITION 15 845
MOTOR OFFSET OFFSET

ADVANCED RATIO ! . RATIO = : _@

LIMITS
DIRECTION  Fomward - DIRECTION

MOTOR 1 Famward * MOTOR 1

MOTOR 2 Farward - MOTOR 2

MONOPULSE

ENCODERS

MOTION

POSITIONER .
TIMING

Figure2-35  Setup > Receiver
For each axis, thencoder anglelus itsoffsetequals the actudbok
angle(Encoder Angle + Offset = Look Atfegetype of receiver being
used, if any.

On the Antenna Encoder tab there are fields for configuring the
encoders for each axis.

(1) For each axis, select the encoder direction and ratio. The direction
is Forward if a clockwise or up axis motion generates a clockwise turn
of the encoder shaft. Encoder shaft direction is evaluated when
looking at the face of the encoder, not atdheaf the encoder.

Radio defines the number of encoder/resdakaft revolutions for
antenna movement along each axis:

Default ratio is 1:1
Maximum ratio is 8:1

(2) For each axis, the encoder offset must be generated.

1. Use the jog controls to point the antennakiacavn or
referentced ok angle (e.g., a known
true north, or the horizon).
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2.1 f the angles are unknown and
them with an inclinometer, tilt sensor, level (EL), or
compass (AZ2).

3. Enter the angles into the Encoders > Position (deq) fields. The
ACU will populate the offset fields

2.3.2.2 Celestial Body mode

The ACU allows pointing and following a few predefined celestial
targets as well as the option to point and follow a custom celestial
body based on ephemeris data.

R ¥  5200-FIREFLY-TEST g
1000.000 MHz  -23.8 dBm _08 dB

L(7Z\8  169.104° 52.567°
MECH 96.353° -0.538°

STANDBY 06:15:41 9 OCTOBER 2023

& TARGETS FAULT 0 J_vanvaccontrots I STANDBY 1

ADD NEW TARGET

ADD NEW TARGET l l
DEFAULTS S

IMMEDIATE

B N  ©!AS ANGLES (DEGREES) POLARIZATION
AMC-21 AZIMUTH 0

GALAXY 13 (HORIZONS-1) 0 3 CEIVE LEVEL @ 0.dB -50
TEST ACON NCY (MHz 2

ECHOSTAR 10 W SIGNAL (dB) -10

Figure2-36  Predefined celestial targets

The custom option allows thser to define a custom target based on
J2000.0 epoch right ascension and declination (RA/Dec). The target
must be a deegpace object with a distance sufficiently far enough to
not be a consideration (distance will be assumed to be infinite).

As with all targets, bias angles can be defined for the custom target.
The target can disable the RF input or allow for the selected RF Input
signal to be monitored during pointing/following.
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A Warning

Do not run the Setup
Wizard without
working limit switches
in place on every axis
Otherwise, the
antennawill drive into
its hard stops and
damage and/or injury
may occur.

A Caution

While the wizard runs
the ACU drives the
antenna to determine
optimal operating
parameters along
each axis. The anteni
will be in motion a
number of times
during this operation.
Even if it pauses,
motions may resume
until the Setup Wizarc
concludes.

MODE

TARGET NAME

POSITION

Figure2-37

OPERATION

Celestial +  CELESTIAL BODY Custol

Cassiopeia-A

BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

0 °  AZIMUTH 0 ® POl Off v  RFINPUT

°®  ELEVATION 0 . RECEIVE LEVE 1B -50

RF Input

2.3.2.3 Wizardtab

The Setup Wizard (see warning notes) can be used to perform the
following tasks:

All

The

2.3.2.4

Series 9000" O&M Manual

Find the position of travel limits on each axis.

Measure the gear ratio for the AZ and EL axes. This is used
in the velocity control function of the controller.

Measure the motion parameters to be used on the POL axes
if present.

settings determined by the Setup Wizard can be edited by
the operator if needed to further optimize the system.

Setup Wizard may be usef ul
after installing and connecting the ACS

after significant changes to antenna or drive hardware

to verify the integrity of a system experiencing issues
Requirements, before the Setup Wizard

The Model 9000 must be installed and connected properly.

BE SURE ALL LIMIT SWITCHES ARE TESTED AND
WORKING CORRECTLYfi ON EVERY AXIS.

The antenna must not be tripping any limit switches.
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Setup details

To view or edit
settings determined
by the Setup Wizard,
oNRgasS GKE
Antenna tabs.

A\ Required:

all limit switches must
be in place before
running the Setup
Wizard.

OPERATION

Encoder offsets must be established for each axis (see
sectior?.3.2.3 about Setup > Encoders).

2.3.2.5 How the wizard works

The Setup Wizard will move the antenna through its full range of
motioni in both directions, along each &xisintil it has hit all the
hardware limit switches.

When the system detects alpné switch, it backs away from it by

two degrees. That new position isdii@ubtoft limfor that direction

on that axisSoft limits can be edited or even disabled on the Antenna Lin
screen.

After the SetupVizard discovers hardware limit switch positions and
establishes soft limits for each axis, it measures the axis deadband and
gear ratio.

For the POL axis, it moves back to center to determine the angles and
periods of the motion faults, and the threshold and deadband for the
positioner parameters. It also will calibrate the bump and coast times.
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2.3.2.6 Run the wizard

How long will

it take?

Precise times are antenrspecific. Expect the Setup Wizard to take the time needed to
exercise the antenna fully, along each axis, and to perform any other tasks as described.

First, complete the Setup screens for Site, Options, and Eraxodlers,
verify the wizard requiraahewnés,

INMARSAT 3-F2 ¥ RADEUS TEST ACP goc=Z @

AZ EL 3450.123 MHz -50.3 dBm -0.3dB
243.158° 15.902°

243.158° 15.902°
B 0.000° 0.000°

FOLLOWING TARGET 17:31:18

INE
SITE

T
g

L wewm |

Figure2-38  An ACU operator must confirm before the Setup Wizard will run.

(1) Select each function that you desire to run. For example, it is not
necessary to run the POL limit detection if the POL axis limits are
already known.

Select the RUN button.

The wizard will exercise the ant
axis, and more tasks, to detect vital characteristics. It will report in the
blue status bar, for example:

ORunni ng $ieSteepk iwigz aArZzd CW | i mi t

When the Setup Wizard has finished, the system will go into Standby.
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2.3.2.7 Limits tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP gosEed Oy
AZ 3450.123 MHz -50.4 dBm .04 dB

eIy 243.197° 15.941°
e 243.197° 15.941°

4 0.000° 0.000°

FOLLOWING TARGET 17:37:05 17 JUNE 2022
ANTENNA FAULT 0 W vanuaL contros K STANDBY

264.999 * uF M 84678 *
96999 * Low 6990 ¢

ENABLE VELOCITY LIMITS ENABLE VELOGITY LIMITS

@ sTOw B sAvE M CANCEL

Figure2-39  Setup > Limits, and the Setup Wizard. See below to add the field for
setting upsectors

The Setup Wizard finds the location of the final limits, pre limits and
velocity limits. Thealues can be edited by the operator if needed, for
example if the position of the hardware switch is changed, however, it
Is recommended to run the Setup Wizard again after any change to the
limit switch positions.

A Limit Switch The velocity limit should be far enough from the pre and final
Placement limits to allow the antenna to decelerate from full speed to the

:J;f:hzhsetgrzi; sure velocity limit speed before hitting the pre or final limit switch.

safe operation of the

The pre limit should be far enough from the final limit to
antenna.

_ ensure the antenna can decelerate to a stop without hitting the
Important:

It is the responsibility final limit.
of the antenna systen

nstaller to ensure tha The final | i mit shoul d bg far
the limit switches are travel to ensure that the antenna can stop before reaching the
placed in appropriate end of travel.

locations for safe
operation of the
antenna.
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(1) The Setup Wizard sets a soft limit at 2° before the pre limit switch.
The values can be edited by the operator based on the performance
required for the application. The soft limits can also be disabled if their
use is not required.

(2) The final limits use SS1 on the drives to stop motion in the
direction of the limit switch. After the stop is complete, the antenna
can be moved off of the limit using the manual jog function.

(3) The velocity limits use a PLC function to limit the velocity in the
direction of the limit switch. Velocity limit switches are common on
fast or high inertia antennas to ensure that the antenna can slow from
max speed to a safe speed prior to hitiegte or final limit

switches. The velocity limit does not stop motion or otherwise inhibit
operation, apart from limiting the maximum axis velocity while the
switch is engaged.

(4) The pre limits use a software stop to stop motion in the direction
of the limit switch. After the stop is complete, the antenna can be
moved off of the limit using the manual jog function.

2.3.2.8 Motor tab

% INMARSAT 3-F2 ¥ RADEUS TEST ACP Sos=us

AZ EL 3450.123 MHz -50.4 dBm
@IV  243.252° 15.994°

Ry 243,252° 15.994°
a 0.000° 0.000°

FOLLOWING TARGET

Figure2-40  Setup > Limits, and the Setup Wizard. See below to add the field for
setting upsectors
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(1) The motors tab provides status on each of the AZ and EL motors
and the ability to disable individual motors for degraded performance.

(2) The motors tab provides inputs for setting the AZ and EL jog
speed defaults for track and slew speeds. Track speed is not actually
used to limit the speed of the system while tracking but the term is
used for a slow jog speed because of common inasesgey.

2.3.2.9 Motion tab

Settings on the Motion tab determine when certain key fault
conditions are asserted by the ACU.

& INMARSAT 3-F2 ¥ RADEUS TEST ACP zossnZ 0

NalV\N  243.317° 16.055°

el 243.317° 16.055°
a 0.000° 0.000°

FOLLOWING TARGET 17:52:06 17 JUNE 2022

ANTENNA FAULT 0 [ vanuaL contros JK STANDBY
EL

AZ

SITE
PERIOD 10000 ms PERIOD 10000 ms

WIZARD

MOTOR TOLERANCE 0.1 * TOLERANCE 0.1

ADVANCED RUNAWAY 1 Wy -

LIMITS ENABLE MOTION FAULTS ENABLE MOTION FAULTS
et

RF INPUTS,

FAULT: MAX VELOCITY 3 %sec  FAULT. MAX VELOCITY 3
OPTIONS
FAULT: TIME AT MAX VELOCITY 0 ms  FAULT: TIME AT MAX VELOCITY 0

ENCODERS

MOTION

POSITIONER '
TIMING

Figure2-41  Setup > Motion Faults
Settings that influence whetertain system faults will be asserted.

For each axis:

Period
How often, in milliseconds, measurements are checked for
the two motion faults, which are:

Tolerance
If a motion is commanded and the measured angle does not
change by at least the number of degrees entered here, the
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axismmobifault is asserted. If motion is detected reverse to
the

commanded direction, by this amountyéverstlilt is
asserted.

Runaway

If no motion is being commanded but the measured angle
changes by this amount or greatemuhawdgault is

asserted and the ACU cuts off the drive enable. (For detalils,
see the runaway faultsd descr |
"Azimuth runaway".)

2.3.2.10 Positioner tab

INMARSAT 3-F2 ¥ RADEUS TEST ACP goszul 08
AZ 3450.123 MHz -50.4 dBm _04 dB

16.085°
243.349° 16.085°
0.000° 0.000°

FOLLOWING TARGET 17:55:47 17 JUNE 2022

ANTENNA FAULT 0 l MANUAL CONTROLS l STANDBY
TE POLY

e

11223345

[ xomea ]
Figure2-42  Setup > Positioner

(1) The positioner tab shows the settings to control the pol axis
motors. These settings are set by the Setup Wizard but may be
modified by the operator to optimize performance.

Deadband

The angle within which the controller will hold the axis.

When the actual angle is within the deadband of a

commanded position, the only antenna motions are
momentary, Obumpdé adjustments
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Ratdil the track speed of the axis calculated by the Setup

Wi zar d. I f the Setup Wizard

values will be zero.

Motor tim@ the number of operating hours each motor has
logged. If a motor has been operated before the current
setup, the ACU operator can enter the amount of pre
existing iruse time. The ACU will increment that as the
system is used. (Motor time is recordedliis@conds but is
displayed as hours).

2.3.2.11 Timing tab

INMARSAT 3-F2 % RADEUS TEST ACP poamu? 03
3450.123 MHz -50.5 dBm _04 dB

ACTUAL IPE XY Ad 16.111°
e 243.377° 16.111°
0.000° 0.000°

FOLLOWING TARGET 17:58:52 17 JUNE 2022

ANTENNA FAULT O P _vanuaL controts I STANDBY ) |
SITE

AZ EL

BRAKE RELEASE 1000 ms BRAKE RELEASE 1000 ms _@
BRAKE SENSE Normal - BRAKE SENSE Marmal -
ms :

POLY POL2
BUMP DURATION 1000 ms BUMP DURATION 1000
BUMP COAST 1000 ms BUMP COAST 1000

TRACK COAST 500 ms  TRACK COAST 500

TIMING

Figure2-43  Setup > Timing

The timing talprovides settings related to timing for each antenna
axis:

(1) Brake release time for Az and ttle amount of time, in
milliseconds, the brakes require to physically disengage before
movement can be commanded.

(2) Motion time for POL1 and POL2:
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/\ Caution:

Standby is not an
emergency function!
In case of an
emergency press the
E-Stop button!

OPERATION

Bump duratidonthe amount of time to take a very small,
measurable step in position. The amount depends on the
resolution of the position transducer (encoder or resolver).

Bump coast timéhe wait period to allow the antenna to
ocoastd6é to a stop, after a bu
motion.

Track coast tiinghe period to wait after running at track
speed before moving again.

2.3.2  Standby

Figure2-44  Web interface Standby mode

Pressing the (1) Standby button on the status bar puts the ACU in
Standby mode after (2) the user acknowledges the intention to prevent
inadvertent interruption of tracking operations

While on standby, the ACU will not command the antenna to move. It
wi | | remain on standby wunti |l an
out of standby.
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2.3.3 Manual jog

The ACP Manual Control screen providesamdigurable, manual
jog controls:

¥ RADEUS TEST ACP goc=uZ £
Ms0123MHz S05d8Bm () 5 4B

frgaivit byivgy ity gy L1 Rygihglly By By 1 g8 0

MANUAL ANTENNA CONTROL 18:07:19 17 JUNE 2022

MANUAL CONTROL FAULT 0 P vanuaccontros I STANDBY ) |
= VW eV WAAAWATY VAN AT WY LAY LAY AN WAL WA AN jog Buttons
; -
AZIMUTH ELEVATION POL1 POL2
243.451 6.179 4.0 7.3 Motor Speed
T
[ — ——
- - I

Velocity: 5%
o cow 001+ | C W 4+ UP 0.1+ | DOWN - cew h 4| cow 5 cow : 4o | Con Motor M
SWIT! X

Figure2-45  Web interface; manual job
A Caution Press the (1) manual controls button to see the screen for manual
Only move the control of the antenna. It provides (2) buttons for jogging each axis in

antenna while you are - each direction as well as velocity control. Velocity control is variable
sureitis safe todo st hy setting the (3) slide bars to the depeetkntage of maximum axis

velocity or by selecting the (4) track or slew speed presets.
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¥ RADEUS TEST ACP goc=uz £
Ms0123MHz S050Bm ) & 4B

frgaivttbyivgy g gigry b L1 Rrgilglly By By 1 g8 0

MANUAL ANTENNA CONTROL 18:07:19 17 JUNE 2022

MANUAL CONTROL FAULT O P vanvac conros JII STANDBY ) |
A L AAAAAAYTTT A A T AT A L A AN YT LAY YT M AL VAL WA LA Jog Butions
AZIMUTH ELEVATION POL1 POL2
243.451 6.179 4 73 Motor Sps
Velocity: 5% Velocity: 5¢
- -
Scow | goe| @ ow + U 0.1+ % DOWN - cow e o com o Cow Motor Mode

Figure2-46  Web interface; manual antenna controls

The (1) Momentary/Toggle choice determines how the hardware
buttons move the antenna.

Momentatire antenna will move only while the operator is
actively pressing a button.

Toggleressing a button once starts the antenna moving
along that axis until the stop button is pressed.

A CAUTION: Manual control also provides the ability to command a specific angle

Never leave the on each axis using the (2) GoTo Angle fields.
antenna unattended

gKSy AGQ&  Softlimits when joggingThe ACU will not allow the antenna to move

Toggle mode. pastits software e f i ned (o0soft 0) 23216, v e | ||
A CAUTION: oLIi mitso). | f the antenna exceed
When moving the allow the user to drive the antebaalonlyfi not further beyond the

antenna with the limit.

GoTo function the

velocity is controlled  Hard limits: The system should inhibit motion that drives the antenna

by the positonand - nast its hard limits, but if this happens the system sees the hard limit
speed control loops,  gyuitch as a safety issue and stops all motion. While the system is in
notby the manual 40 |imit the system will not drive and the systemeeill to be

control settings so ful I q fthe limi . hand K
speed axis motion is manually moved out of the limit using handcranks.

possible.
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2.3.4  Targets

(:H %  INMARSAT 3-F2 l ¥ RADEUS TEST ACP gogeuZ I

3450.123 MHz  -51.0 dBm

EL

XaVAN  249.032° 21.609°
i 249.032° 21.609°
a 0.000° 0.000°

FOLLOWING TARGET 23:06:34 16 JUNE 2022
FAULT 0 MANUAL CONTROLS STANDBY

Figure2-47  Web interfaceg target button

Press the (1) target button on the menu bar to set up and operate
targets and tracking modes.

Creating a target in the 9000 system gives a set of editable parameters
for possible pointing and tracking modes. All targets have the option

to use all pointing and tracking modes. The parameters selected
remain persistent across all pointing and trackidgs for the given
target.

72 Series 9000 O&M Manuall



Immediate

Select this, then tap
Track to begin trackin
G GKS Fyi
current position. If
the signal level of the
target is above the
low signal threshold
this target will skip the
acquisition phase of
tracking a target and
immediately start
tracking in whateve
mode is currently
selected.

Note:Immediate
cannot be used with
TLE or IESS pointing
modes, because thos
associate the satellite
name with the target
profile name. But
Immediate and
Default profile names
cannot be modified,
SO separate, new
target profiles must b
created instead.

OPERATION

2.3.2.12 Default and Immediate Targets

¥ RADEUS TEST ACP 25k
AZ EL POL1 POL2
QI  243.451° 16.179° 44.0° 47.3°

(W23} 158.451° 21.179° -496.0° =132.7°

U e F—

T

STANDBY

TARGETS FAULT 0

ADD NEW TARGET

EDITING Immediate

BIAS ANGLES (DEGREES) POLARIZATION SIGNAL

INMARSAT 352

Ghgh

Figure2-48  Web interface; special purpose items

Two specigburpose items are always at the top of the list of targets:

Defaults

When a user defines a new target, a copy of the Defaults
values is used for its initial settings. To change those preset
values, select this item and tap Edit.

Edited defawtsnot retroactivelytapgaigets already in the
system. You may edit those individually, described in section
2.3.5%6.

All of the default settings are copied to the new target, not only the

settings currently displayed on the default for the selected tracking
Other tracking mode defaults are copied as well.
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2.3.2.13 Add a New Target

% RADEUS TEST ACP gegau? O3
V4 EL POL1 POLZ 3450.123 MHz -99.9 dBm 49 9 dB

@IV 243.451° 16.179° 44.0° 47.3°
veor R XSRS _

STANDBY ):19:10 W/jU\E

TARGETS FAULT 0 P VANUAL CoNTROLS ANDBY

Move to Look Angles = ]

LOOK ANGLES (DEGREES) BIAS ANGLES (DEGREES) POLARIZATION SIGNAL
! 0 . . RF-1
. . LP -
)

0
0
0

© o © o

Figure2-49  Web interface add new targets

To add a new target, press the (1) new target button in the target
menu. The first step is to select the (2) target mode. The details of
each mode are explained in subsequent sections:

Look angles
Longitude
Predictive
Steptrack

TLE (SGP4)
IESS412
TLE/Steptrack
IESS/Steptrack
Monopulse
Celestial Body
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2.3.2.14 Edit a Target

Figure2-50  Web interfaceg edit a target

To edit a target (1) select the target in the target list. All of the target
details appear in the configuration zone. When a field has been edited
it is (2) highlighted so that the operator can clearly see what is being
changed. If the edited value isvaiid the field is (3) highlighted in

red text with a description of the problem. When all errors have been
resolved, the operator must save the changes by pressing the (4) save
target button. To discard changes and not save them press the (5) red
X butto.
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